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Westland petrels Procellaria westlandica breed only near Punakaiki on the West Coast
of New Zealand. About 80 km offshore from their breeding colony, New Zealand's
largest commercial fishery (for hokiMacruronus novaezelandiae) operates from mid
June to early September, coinciding with the Westland petrel's breeding season.
It has been assumed that Westland petrels feed extensively on fisheries waste and that
this habit has been at least partly responsible for the increase in the Westland petrel
population. Some seabird biologists have expressed concern that if a species comes to
depend on scavenging at fishing vessels, such a species could experience a food crisis if
fishing operations changed in a way that reduced the quantity of waste discharged. The
aim of this research was to assess how dependent Westland petrels have become on
fisheries waste for food.
Diet studies showed that during the hoki fishing season, waste accounts for more than
halfby weight of the solid food Westland petrels bring back to the colony to feed their
chicks. After the hoki season, waste contributes only about a quarter of their diet as
birds switch to more natural prey and scavenge a wider variety of fish species presumably
from smaller, inshore fishing vessels.
Much of the fisheries waste eaten by Westland petrels was flesh which could not be
identified using traditional techniques. The electrophoretic technique iso-electric
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focusing increased the number of fish samples that could be identified and consequently
the diet was interpreted differently than it would have been had only traditional diet
analysis been used.
The survey of Westland petrel distribution off the west coast of the South Island, found
that although hoki fishing vessels influence the distribution ofWestland petrels, only a
small proportion of the Westland petrel population appears to utilise this food resource
at anyone time.
Westland petrels were tracked at sea by VHF radio telemetry and then by satellite
tracking. Satellite tracking showed that there is considerable variation in the amount of
time Westland petrels spend in the vicinity of fishing vessels. On average, satellite
tracked birds spent one third of their time near vessels, but they foraged over much
larger areas than that occupied by the West Coast South Island hoki fishing fleet.
Although fisheries waste is an important component of the Westland petrel diet, it
appears that the situation is one of opportunistic use of a readily available resource,
rather than one of dependence. Several features of the Westland petrel's breeding
biology and foraging ecology suggest that Westland petrels could compensate for a
reduction in waste from the hoki fishery by switching to other sources of waste and
increasing their consumption of natural prey.
Nevertheless, much remains unanswered concerning the role of fisheries waste in the
Westland petrel's diet. In particular, quantifying the waste available to seabirds, and the
success of Westland petrels in acquiring that waste compared to other scavenging
species, is needed in order to better predict the effect of a reduction in fisheries waste on
Westland petrel population size.
Keywords: Westland petrel Procellaria westlandica, hoki Macruronus novaezelandiae,
fisheries waste, diet, population, distribution, iso-electric focusing, satellite tracking,
Geographical Information System.
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Chapter 1.
Introduction
Westland petrels Procellaria westlandica breed only near Punakaiki on the West
Coast of New Zealand's South Island. Although their population, now possibly
numbering 20 000 birds including breeders and non breeders, is still small, it is
believed to have increased significantly since the 1950s. A key factor in this growth
is thought to have been increased food in the form of waste from fisheries 1, especially
the large scale West Coast fishery for hoki Macruronus novaezelandiae. However,
there has been almost no previous research on the diet and foraging patterns of
Westland petrels. Understanding breeding season diet and foraging patterns, and
quantifying the importance of fisheries waste, are essential to predicting the potential
impacts of changes in fishing practices on Westland petrel breeding success and
population size. This research was designed to assess the extent to which Westland
petrels are dependent on fishing operations for food.
Westland Petrels
Westland petrels are one of the largest burrowing seabirds with a wingspan of around
137 cm. Females weigh around 1100 g and males average 1200 g. They breed in
winter in colonies under dense coastal rainforest (Fig. 1) between the Punakaiki
River and Waiwhero Creek, West Coast, New Zealand. Ninety-five percent of
known burrows are protected in the Paparoa National Park and Dick Jackson
Memorial Reserve. This research was carried out at the Scotchmans' Creek sub-
colony in Paparoa National Park (Figs. 2&3).
1 Fisheries waste includes all fish and fish parts discharged from fishing vessels.
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Figure 1. Part of the Westland petrel study site showing coastal rainforest
vegetation. A Westland petrel burrow is marked with a stake and access lid in the
middle left of the photograph (photo A.B. Freeman).
Figure 2. The Westland petrel study site viewed from the main road. Study burrows
were located on the ridge in the centre of the photograph (photo A.B. Freeman).
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Figure 3. Map showing the location of the Westland petrel study site.
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Westland petrels are annual breeders with approximately 84% of successful breeders
in anyone year returning to breed in the following season (1. A. Bartle; A.N.D.
Freeman unpublished data). Egg laying is well synchronised and constant from year
to year, beginning about 12 May and peaking around 23 May with a few eggs laid in
early June. Hatching occurs mostly in the last half of July and the chick is guarded
by one or both parents for about two weeks although this period may range from a
few days to six weeks (Marchant & Higgins 1990). This period is unusually long as
2-3 days is the typical length of the guard stage in burrowing Procellariiformes
(Warham 1996). Like other Procellaria, Westland petrels have a long chick rearing
period with fledging taking place between 5 November and 15 January with a peak
about 20 November (Marchant & Higgins 1990). Breeding success varies greatly
from year to year. From 1976-1991 the mean percentage of eggs laid in study
burrows that resulted in fledged chicks was 39% (range 20-63%) (Department of
Conservation 1996). Since 1991 however, breeding success has been higher (mean
50%; range 38-63%, pers. obs.).
During the breeding season Westland petrels mostly feed over the continental shelf
and upper continental slope. At this time they are found north of the subtropical
convergence east andwest of New Zealand (Fig. 4) (Marchant & Higgins 1990).
Westland petrels are rare in New Zealand waters outside of the breeding season.
They migrate to the central and east Pacific Ocean after breeding, possibly as far east
as South America (Marchant & Higgins 1990).
Because of the species' past poor breeding success and it's restricted breeding
distribution, the Westland petrel is considered "vulnerable" (Department of
Conservation 1996). Although the subject of a long term population study since the
1970s, most data on Westland petrel population trends is unpublished, making it
difficult to assess the reliability of the population estimates quoted here. However,
capture-recapture analysis of banded birds has indicated that the Westland petrel
population expanded at an average rate of about 5% per annum between 1953 and
1985 when it peaked at 20 000 ± 5000 birds. Since then, population modelling has
indicated a decline (Bartle 1987; Department of Conservation 1996). The long
period of population growth was thought to have been partly a result of increased
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food in the fonn of fisheries waste, and the subsequent decline a result of the
reduction in trawling on the West Coast (Bartle 1985 and 1987). Bartle (1987)
speculated that the observed lower survivorship of adult females could be due to
competition between males and females for food. He considered that numbers of the
heavier, more aggressive males could have been inflated by trawling and that the
lighter females could be at a disadvantage as trawl waste became less available.
Until now there have been no diet studies to test this assertion. More recently,
capture of females by tuna longliners has also been implicated in lower female
survivorship (Department of Conservation 1996).
Feeding on fisheries waste has also been implicated in the feather malfonnation
present in 20-30% of Westland petrel fledglings (l.A. Bartle unpublished data).
Feathers on these chicks are brittle with incompletely fonned barbules. Bartle
suggested that this condition is due to a nutrient imbalance in the diet given to chicks
which may have been fed mostly with fisheries waste (Marchant & Higgins 1990).
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Figure 4. Main distribution of Westland petrels at sea during the breeding season
(from Marchant & Higgins 1990 and l.A. Bartle unpublished data).
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The Westland petrel was not recognised as a distinct species until 1946 (Falla 1946)
so records of this species extend back only 50 years. In the 1950s the Westland
petrel population was reliably estimated to be between 3 000 individuals and 3000
pairs on the basis of counts of birds returning to the colonies and estimates of the
number and size of sub colonies (Jackson 1958). Jackson (1958) considered that the
population may have declined because of the numerous unoccupied burrows.
However, many burrows on the Westland petrel colony are unoccupied today, despite
the apparent increase in the population, and this is probably due to unsuitable
burrows being abandoned (pers. obs.). Bartle (1974) estimated the population at all
the colonies in 1972 to be between 6 000 and 10 000 birds, including non-breeders,
in contrast to Best & Owen (1976) who thought that there had been no large-scale
change in the distribution of breeding areas since Jackson's survey, and counted only
818 occupied burrows over the whole area. Baker & Coleman (1977) found the
above estimates hard to reconcile with one another and considered it impossible to
tell from the available information whether or not the population was increasing.
Bartle's more thorough survey of the area (1969 and on going) showed that Best and
Owen had under-counted sub colonies and missed other large sub colonies. The
number of occupied burrows in 1974 was estimated by Bartle to be 1 800 in the
entire area (J.A. Bartle unpublished data). A more detailed analysis of population
trends since that time will be provided by publication of the results of Bartle's long
term monitoring work (1. A. Bartle pers. comm.).
Whatever the past population trends or former importance of waste from fisheries
may have been, the size and proximity of large scale fisheries to the Westland
petrel's breeding colonies means that there is currently the potential for Westland
petrels to supplement their diet with fisheries waste and possibly maintain their
population at an artificially high level.
Seahird Population Increases and Fisheries
A fundamental assumption underlying any research on the relationship between
seabird population increases and scavenging on fisheries waste is that seabird
populations, or aspects of their reproductive performance, are limited by prey
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abundance. Whether or not competition for food is usually of great significance for
seabirds has been debated; many seabird species search pelagic seas and are widely
dispersed, suggesting that it may be the bird' s ability to find food (not the quantity of
food itself) that is limiting (Warham 1996). There is, however, good evidence that
seabirds are regulated by food availability as suggested by a number of studies that
have shown correlations between measures of prey abundance and aspects of seabird
reproductive biology (Hunt et al. 1990). One line of evidence comes from the many
studies, such as twinning of chicks, that show that changes in the ability of parents to
supply food to offspring causes changes in growth and/or survival of chicks; another
indication is the correlation observed between some changes in population
parameters of seabirds and changes in prey stocks (Croxall & Rothery 1991).
Food availability can potentially influence population levels in several ways. First,
food availability can affect the breeding condition of adults, including age at first
breeding and subsequent decisions to breed, and hence breeding frequency. Second,
breeding success can be affected by the level of food resources during egg formation,
incubation and chick rearing. For example, unattended eggs are vulnerable to
predation and a nearby food source may enable birds to incubate more consistently
and reduce the predation risk. Lastly, the survivorship of adults and pre breeders can
be affected by food levels outside of the breeding season.
The use of fisheries waste by scavenging seabirds has received increasing attention in
recent years and several studies have found waste to be an important componentof
the diet of certain seabirds which have learnt to exploit this abundant and readily
available food source (Fig. 5). For example, an extensive study of discard
consumption by seabirds in the North Sea found that eight species of seabirds utilised
fishery waste on a large scale, at least during part of the year (Camphuysen et al.
1995). Similarly, Thompson (1992) describes a situation in the Falkland Islands
where breeding black-browed mollymawks Diomedea melanophrys now obtain 10-
15% of their food requirements from the Loligo gahi squid fishery during the period
when that fishery is operating. Jackson (1988) found that trawl offal was the
dominant food by mass of the white-chinned petrel Procellaria aequinoctialis in the
Benguela Current region, South Africa.
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Figure S. Large numbers of seabirds may gather behind fishing vessels as shown in
this photograph taken from the NIWA vessel Tangaroa on a research trip in the
Southern Ocean.
There is some suggestion that Procellaria may be "pre adapted" for scavenging
behind fishing vessels. Like some other tube-nose species, they have been known to
follow whales, presumably to feed on their faeces and vomit of partially digested
squid and other prey, to feed on the debris from the cetaceans dismembered prey, or
to take advantage of the whales driving deep sea animals into the bird's diving range
(Warham 1996). Jackson (1988) argues that the natural tendency of white-chinned
petrels to exploit the feeding activity of whales may account for their propensity to
scavenge behind boats. Although there have been no reports of Westland petrels
utilising whales, Parkinson's petrel Procellaria parkinsoni, and the grey petrel
Procellaria cinerea have also been shown to feed with cetaceans (Pitman & Ballance
1992; Enticott 1986).
Although variation in food availability has regularly been mooted as a cause of
population change, it is difficult to demonstrate clear links between seabird
population changes and fisheries. The demographic characteristics of
Procellariiformes (Iow reproductive rates and high adult survival rates) coupled with
their pelagic habits make it very difficult to study population regulation in this group.
By the time significant changes have been detected, thefactors underlying those
changes must have operated for years (Croxall & Rothery 1991). One of the most
well known and best documented cases of population increase in a seabird species is
that of the Northern fulmar Fulmarus glacialis. Many followed Fisher (1952) in
believing that the fulmar's population expansion was due to the increased availability
of offal in the North Sea fisheries. Bailey & Hislop (1978) disputed this stating that
"despite the apparently heavy reliance that many seabirds have on fishing vessels, it
is impossible to find any unequivocal proof that offal discarded by trawlers has been
the major factor in the increase of any seabird". Recent work suggests that the
fulmar case is in fact rather complex, with different colonies utilising fisheries waste
to widely varying degrees (Camphuysen & Garthe 1996; Hamer et al. 1996).
Nevertheless, seabird biologists have expressed concern that, if a large enough
proportion of a species' population comes to depend on scavenging at fishing
vessels, it could experience a food crisis if fishing operations changed (eg Bartle
1974, Abrams 1983). Recent studies in the Mediterranean provide compelling
evidence that this can occur. A trawling moratorium was established around the
Ebro Delta gull colony in 1991 and, since that time, several studies have recorded a
decrease in the reproductive parameters of Audouin's gull Larus audouinii, yellow-
legged gull L. cachinnans and lesser black-backed gull L.fuscus (Oro & Ruiz 1996).
The Hoki Fishery
The hoki fishery is the largest of the commercial fisheries operating close to the
Westland petrel breeding colony and is likely to be their most used source of
fisheries waste (Figs. 6&7). The main West Coast trawl fishery, centred on
spawning hoki at depths between about 300m and 600 m, operates from mid June
to early September and is New Zealand's largest commercial fishery in terms of total
catch (MAF Fisheries Marine Research Annual Report 1992-1993).
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Figure 6. Hoki Macmronus novaezelandiae New Zealand's largest commercial
fishery in terms of total catch.
Figure 7. A large net of hoki being hauled aboard a vessel in the West Coast South
Island hoki fishery.
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The height of the hoki fishing season corresponds with the Westland petrel's
incubation and early chick rearing period (Fig. 8). As breeding season energy
requirements are greatest during the chick guarding period, when a parent always
stays with the chick (Ricklefs 1983), the hoki fishery may be a valuable food source
at this critical stage of the breeding season.
1 June 1 July 1 Aug. 1 Sept.
INCUBATION CHICK REARING
Figure 8. The height of the hoki fishing season corresponds with the Westland
petrel's incubation and early chick rearing period as shown in this graph of the daily
hoki catch on the West Coast in 1991 (based on Sullivan & Cordue 1992).
The hoki fishery developed in the early 1970s but remained relatively small up to
1985 with annual landings of less than 50 000 t. After 1986 the fishery expanded
with estimated landings reaching a maximum of 255 000 t in the 1987/88 fishing
year (October-September) and has remained relatively constant at about 210 000 t
since then (Horn & Sullivan 1996). Currently, in the main hoki fishing areas, around
100000 t is caught off the West Coast, and a further 40000 t in the Cook Strait each
year (Fig. 9).
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Figure 9, The main hoki fishing areas off the West Coast of the South Island and in
Cook Strait (based on Livingston & Schofield 1996).
In recent years the proportion of hoki caught outside of the West Coast area has
increased. Hoki is caught in Cook Strait during the winter spawning season, and in
other areas during the summer months. The history of catches in the hoki fishery
since 1988 is shown in Table 1.
The quantity of waste discharged from the hoki fishery varies depending on the
composition and characteristics of the fishing fleets from year to year. For example,
Livingston & Rutherford (1988) estimated that 48% of a surimi vessel's2 catch was
dumped as waste compared to 25% of a non-surimi vessel's catch. The proportion of
other fish species caught, and hence discarded, in the West Coast hoki fishery is low.
For example, in 1991, other commercial species (predominantly hake Merluccius
australis and ling Genypterus blacodes) accounted for no more than 10% of the total
catch (Sullivan & Cordue 1992). Small numbers of rattails (Macrouridae) and
2 A vessel which manufactures fish paste used in seafood and meat flavoured products.
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dogfish (Squalidae) are also caught but, being non-quota species, are largely
unrecorded (pers. obs.). The waste discharged from the West Coast South Island
(WCSI) hoki fishery, therefore, consists mainly of hoki waste with small quantities
of other mid-water fish, which would not otherwise be available to seabirds. In the
Cook Strait hoki fishery, there are sometimes significant bycatches of ling and spiny
dogfish Squalus acanthius (Livingston 1990).
Table 1. Estimated total catch (t) of hoki by area (for year October-September).
Year WCSI Cook East Coast & TotalStrait Chatham Rise
1988/89 188000 7000 5000 210000
1989/90 165000 14000 13 000 210 000
1990/91 154000 26500 28500 215000
1991/92 105000 25000 46000 215000
1992/93 98000 21000 43000 195000
1993/94 113000 37000 24000 190000
1994/95 80000 40000 39000 175000
(sources: 1988-1990 Sullivan & Cordue 1992; 1991-1993 MAF Fisheries Annual Reports; 1994-1995
S. BalIara pers. comm.)
The volume of waste discharged from the WCSI hoki fishery may have decreased in
recent years with the withdrawal of surimi vessels in favour of filleting vessels
which produce less waste. In 1991, for example, the surimi component of the WCSI
catch was only 39% of the total compared with 60% from 1986 to 1990 (Sullivan &
Cordue 1992). Using Livingston & Rutherford's (1988) estimates of the proportion
of catch discharged as waste, Sullivan & Cordue's (1992) 1991 ratio of surimi to non
surimi catch in the WCSI fishery, and the 1994-95 total catch figure of 175 000 t, I
have calculated that the total volume of waste discharged from the hoki fishery is still
in the region of 47 000 t per annum. The waste discharged consists of heads, frames
(skeleton and flesh remaining after filleting), tails and guts from processed fish and
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whole discarded fish such as rattails and dogfish. This waste thus forms a very large
potential food source for seabirds.
Westland Petrels and Ship Following
In the late 1950s few Westland petrels fed on trawl waste from fishing boats, but the
number feeding on the Cook Strait trawling grounds greatly increased during the
1960s (Bartle 1974). In OctoberlNovember 1975, large numbers of Westland petrels
were observed feeding on fisheries waste during exploratory fishing off Greymouth,
West Coast (Vooren 1977). In recent years Westland petrels have regularly been
observed scavenging behind WCSI hoki trawlers and other fishing vessels (P.
Langlands pers. comm.; pers. obs.) but the number of birds seen has seldom been
accurately recorded. Where Westland petrels have been counted, the number behind
a single vessel at anyone time varied from one or two individuals to about 150 (P.
Langlands pers. comm.; pers. obs.). Although most observations of scavenging are
from the WCSI hoki fishery, other fisheries within the Westland petrel's foraging
range, such as the Cook Strait hoki fishery, and the small, inshore set net, trawl and
long line fisheries are also potential food sources. Among these are vessels targeting
red cod Pseudophycis bachus, barracouta Thyrsites atun, and gumard
Chelidonichthys kuma which are caught in comparatively small quantities (a few
hundred to a few thousand tonnes) off the West Coast of the South Island (Annala &
Sullivan 1996).
Research Objectives and Approach
The major objectives of this study were:
(1) to determine the importance of fisheries waste in the diet of Westland petrels
during the chick rearing period,
(2) to determine whether foraging patterns of Westland petrels are influenced by
commercial fishing activity, particularly the WCSI hoki fishery,
(3) to predict how changes in fishing practices may affect Westland petrel breeding
success and, ultimately, population size.
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Ecological research can be conducted by experimental manipulation of variables and
control of confounding effects or, alternatively, by direct observation and description.
The former approach is more likely to yield unambiguous results while the latter
typically produces results which are at best inferential. The latter approach
characterises the vast majority of ecological studies of Southern Ocean seabirds
because it is often logistically, economically, or ethically impossible to conduct
experimental manipulations and control external variables when working with these
species. This study was no exception and was, by necessity, limited by the inability
to manipulate the commercial hoki fishing fleet or apply more intrusive methods in
the study of the vulnerable Westland petrel. Because of the size of the WCSI hoki
fishery, and its proximity to the Westland petrel's breeding grounds, research
focussed on this particular fishery. Three different approaches; diet studies, a survey
at sea and satellite tracking were used in an attempt to establish how important
fisheries waste is in the diet of Westland petrels.
Chapter 2 outlines the general methods used in this study, explains the constraints of
weather and terrain that this study operated under and describes some methods which
were tested but proved unsatisfactory. Subsequent chapters describe the
methodology relevant to each chapter.
Established methods (regurgitation and water offloading) were used to sample the
diet of Westland petrels at their breeding colony. Analysis of these samples by the
traditional means of identifying hard parts allowed some fisheries waste to be
identified and improved knowledge of the range of prey occurring in the Westland
petrel's natural diet. This work is reported in a paper prepared for submission to
Emu which forms Chapter 3 of this thesis.
Early in the diet sampling it became apparent that as a great deal of fisheries waste
does not contain any identifiable hard parts, and hence cannot be analysed by
conventional means, an additional technique was needed to identify fisheries waste.
An electrophoretic technique called iso-electric focusing was used to identify fish
species from pieces of flesh found in diet samples. The results of testing this
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technique are presented in Chapter 4 which has been prepared as a paper for
submission to Comparative Biochemistry and Physiology.
A complementary approach to the land-based diet studies was a survey of Westland
petrels at sea off the West Coast of the South Island. This enabled the relationship
between the Westland petrel's distribution at sea and the positions of fishing vessels
to be determined on a population wide scale. Chapter 5 contains the results of this
survey and is in the form of a paper prepared for submission to Notornis .
While the survey at sea provided information on the birds' relationship to the West
Coast hoki fishery on a species-wide scale, it could not reveal whether or not birds
differed in their attraction to fishing vessels, the proportion of time that birds spent
foraging around vessels, or locations outside of the survey area where Westland
petrels forage. Nor could the survey differentiate between non-breeders and the
breeding birds of most interest in this study. Tracking individual birds at sea was
needed. VHF radio tracking was attempted early on in the study but proved
unsatisfactory because birds travelled too far. Satellite tracking methods were then
developed and these are described in a paper submitted to Marine Ornithology
which forms Chapter 6 of this thesis. Satellite tracking allowed breeding birds to be
tracked at sea and the proportion of time that they spent in the vicinity of fishing
vessels to be assessed. The results of the satellite tracking phase of this research are
reported in Chapter 7 which was prepared initially as a report to the Department of
Conservation (Lincoln University Wildlife Management Report No. 10).
Based on the results of the previous chapters, Chapter 8 discusses the importance of
waste, particularly from the WCSI hoki fishery, in the diet of Westland petrels and
assesses the implications for Westland petrels of possible changes in fisheries
practices. Recommendations are made for further research which would improve the
ability to predict the effects of such changes.
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